Stevia rebaudiana extracts are used as sweeteners in several countries worldwide. Several extracts of diverse composition are available on the market, and their taste depends on the contents of the various steviol glycosides. This study presents an accurate method for the qualitative and quantitative determination of steviol glycosides in 40 Stevia extracts, 7 sweeteners and 3 Steviasweetened beverages by a UHPLC coupled to an Orbitrap mass spectrometer. The sub-2 µm amide column provided the separation of all the target analytes in a run time of 30 min with high resolution. The effect of different eluent compositions on the ionisation efficiency of the steviol glycosides was studied. The optimal ionisation conditions were achieved in negative mode using 0.05% formic acid. Under this condition, adducts were not found, [M-H] -were the main ions and the spontaneous loss of a glucose residue at C19 was reduced. The %RSD for intra-and inter-day precision for all eleven analytes varied from 2.1-4.2% and 3.0-5.1%, respectively. The recoveries from spiked Stevia extract samples were greater than 95% for all analytes. Rebaudioside A was the most abundant, ranging from 23-102%. Nine Stevia extracts and one drink were not compliant with the European Regulation. Isosteviol was under the LOD in all samples and steviol was found in four samples in quantities in the range 0.01-0.03%.
respectively), rebaudioside M (RM), dulcoside A (DuA), steviolbioside (Sb) and rubusoside (Ru) ( Table 1) .
Steviol glycosides degrade at temperature higher than 100
• C and acidic conditions enhanced the hydrolysis process [9] . Breakdown products like steviol and isosteviol must not be present in Stevia extract and food samples, as a general toxicological consensus is still missing. For this reason, baked goods sweetened with stevia extract are not permitted at the time in the EU.
Thus, to comply with the regulatory agency's directives, a sensible and specific analytical method is mandatory to confirm the qualitative and quantitative determination of steviol glycosides in commercial Stevia extracts and foods sweetened with them.
Sweet-tasting steviol glycosides in plant material and food samples have been determined through different methods, including enzymatic hydrolysis [10] , HPTLC [9] , capillary electrophoresis [11] , near-infrared spectroscopy [12] , HPLC with UV detection [13, 14] , UHPLCevaporative light scattering [15] , LC-fluorimeter [16] , desorption electrospray ionisation MS [17] , UHPLC-MS [18] , LC-MS/MS [19] [20] [21] and LC in combination with hybrid quadrupole time-offlight MS [22, 23] . Due to current legislation concerning the composition of the Stevia extract, MS is the analytical technique of choice for the identification and assay of targeted and untargeted species in complex mixtures, such as Stevia extract and Stevia-sweetened food. Thus, we aim to explore the capabilities of the UHPLC-high-resolution-Orbitrap MS (UHPLC-HR-MS), in full-scan acquisition mode and collision-induced dissociation, for the evaluation of isosteviol, steviol and steviol glycoside forms present in Stevia extracts, commercial sweeteners and Stevia-sweetened beverages, collected in the period 2015-2017. Moreover, both the mobile phase pH and the CID voltage effect on the ionization of the analytes were studied. In particular, the use of low and high collision energies as a tool for determining the sugar position on Steviol backbone was evaluated.
Materials and methods

Chemicals
The compounds SV, RA, RB, RC, RD, RE, RF, RG, RM, DuA, Sb, Ru, ST and isosteviol (iST)
were provided by Chromadex (Laguna Hills, CA, US); their purity was in the range 90-99%.
Methanol, acetonitrile, ammonia and formic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA). The dried Stevia extracts (DSE, S1-S40) were from European, North American and Chinese suppliers. Sweeteners (A1-A7) and beverages (B1-B3) were acquired from a local supermarket. Water was supplied by a Milli-Q apparatus (Millipore, Milford, MA). Scientific, Mi, IT) column were evaluated. For the reverse-phase (RP) columns, the chromatographic conditions reported by Espinoza et al. [24] were applied.
Chromatographic columns tested
Sample preparation and steviol glycoside determination by UHPLC-Orbitrap MS
The DSE (50 mg) and dried sweeteners powder (1 g) were extracted with 30 mL of 
Method validation
External standards were used to quantify SV, RA-RG, RM, DuA, Ru, Sb, ST and iST in Stevia extracts, sweeteners and beverages. Calibration curves were constructed for each standard at six concentration levels; four independent determinations were performed at each concentration, and regression analysis was employed to determine the linearity of the calibration graphs. The lower limit of quantification (LLOQ) was defined by the lowest injected inter-day concentration, whose resultant relative standard deviation (RSD%) was < 20%. The limit of detection (LOD) was defined by the lowest concentration the assay can differentiate from background levels. The matrix effect of the procedure was determined by a recovery test, described elsewhere [18] . Briefly, three sweetener samples were spiked with different amounts of the analytes (20, 50, 100 g) and each sample extracted in triplicate and analysed in duplicate, to evaluate recovery. The peak identity was confirmed by co-chromatography with an authentic standard, for comparison of the deprotonated ion and fragments. Quantitative analysis was performed following the deprotonated ion
Precision was determined according to Gardana et al. [18] . Statistical analyses were performed using Excel and Statistica software (Statsoft, Tusla, OK, USA). Results were reported as media ± expanded uncertainty.
Results and discussion
Chromatographic conditions
The percentage mean recovery values of the extraction for steviol glycosides from spiked DSEs were in the range of 95-102%. The repeatability and inter-day precision ranges were 1.5-3.1% and 2.2-3.8%, respectively. The results were statistically compared to the effect of an external factor on the degree of reproducibility of the UHPLC-HR-MS method, and it was found there was no significant difference in the amount of the analytes (p=0.550). Regarding robustness, slight variations in flow rate and column temperature did not change the peak shape and resolution. Moderate Figure 2B ). At more than 0.05% formic acid, the intensity of the deprotonated ion decreased with the consequent increase of the deglucosylated form ( Figure 2C ). By increasing pH values, the ion evaporation should have been preferentially favoured. Contrary to expectations, the proton transfer reaction at a low pH produced deprotonated molecules more efficiently than the ion evaporation mechanism at a higher pH. In particular, the abundance of the deprotonated RA decreased up to 40% when the buffer pH increased from 6 to 9 in the eluent. The decreased sensitivity was due to an increase in the deglucosylated form [M-Glc] -and probably also to the suppression by ammonium formate or neutralisation of negative charges by ammonium ions. Thus, the best sensitivity and the greater structural information was obtained using 0.05% formic acid in the eluents. A good chromatographic separation was achieved for most of the steviol glycosides, using a sub-2 µm amide column. In contrast, SV and RA, which represent the major components in many extracts, could not be separated at the baseline, using the RP columns.
Regarding samples containing poly-glycosylated steviol, such as those obtained by transglycosylation, the RP columns were not able to separate all the glycosylated derivatives of ST. Figure 3 reports the MS chromatogram of the samples S11, S40 and S15, acquired in the range 200-3000 u. Thirty-one compounds were separated, including RA (peak 10) and SV (peak 6), identified by co-chromatography (Sb, Ru, SV, RA-RG, RM and DuA), and on the basis of their molecular weight and fragmentation pattern evaluation (Table 2) . Regarding steviol glycosides behaviour in the ESI source, it has been noted that those with glucose residues at C19 spontaneously lose one glucose moiety. Conversely, in the chromatograms of those with no residues at C19, such as RB and Sb, the deglucosylated form [M-Glc-H] -was not detected ( Supplementary   Fig. S1 ). The cleavage of the ester linkage at C19 obtained at low collision energy has also reported by Ohta et al. [25] . (RM) suggests that this sample was probably obtained by trans-glycosylation. Thus, this sample was also not compliant with the EU directive because it contains unapproved compounds, such as RG, RH, RI and their isomers. The chromatogram of the commercial beverage sample B1 was very similar to that of extract S15. Thus, for its production, a non-conforming extract was used.
Identification of steviol glycosides
The chromatograms of the samples B1, B2 and B3 also displayed the presence of peaks at 11. 
Quantification of steviol glycosides
The UHPLC-Orbitrap MS method was then applied to quantify the content of steviol glycosides in the DSE, sweeteners and beverages. The quantities, expressed as grams or milligrams (B1, B2 and B3) of the compound/100 g of dried material, are reported in Table 2 . In all the Stevia extracts analysed, except samples S11 and S31, RA was the most abundant compound, with percentages in the range 23-99 g/100 g DSE. In particular, samples S2-S5, S22, S24, S33 and S34 contained almost exclusively RA. Regarding samples produced in 2015, expiration 2017, none contained steviol glycosides not permitted, and their total percentage was higher than 92%. Despite this, samples S29 and S40 did not comply with EU legislation because the total amount of SV and RA was less than 75%. Sample S15, not compliant, contained approximately 18% of steviol glycosides of higher molecular weight not found in the other Stevia extracts. These compounds showed differences in the number and type of sugar moieties (glucose and/or rhamnose) at positions C13 and C19. Thus, these compounds could be trans-glycosylation products of steviol glycosides normally present in Stevia leaves, such as RA, SV and RC.
Samples A1-A2 (powder) and A5 and A7 (tablets) contained mainly RA, in percentages higher than 95% of total steviol glycosides, suggesting that these commercial samples were produced with highly purified Stevia extracts. In contrast, samples A3, A4 and A6 contained more than 36, 49 and 21% SV, respectively, suggesting that partially purified Stevia extracts were used. Regarding beverages, samples B1, B2 and B3 contained approximately 7, 8 and 15 µg/mL RA, respectively, and sample B1 also presented about 5 µg/mL of unauthorised steviol glycosides. RA represented more than 93% of the total steviol glycosides in sample B3 and not permitted compounds were not detected. Also, iST was under the LOD in all samples, and ST was found in four extracts (6, 12, 20 and 27) in quantities in the range 0.01-0.03% (Table 2 ). It should be noted that the latter extracts
were not compliant with the current EU legislation.
Conclusion
An accurate analytical method using UHPLC-Orbitrap MS technique has been developed and evaluated to determine steviol glycosides in Stevia extracts, sweeteners and Stevia-sweetened beverages. Steviol-glycosides were analyzed by using negative ion ESI-HR-MS and CID. The negative ion spectra of steviol-glycosides exhibited important structure-related fragment under various CID voltages. Mass spectra at low-energy CID voltage exhibited a fragment ion produced by the selective cleavage of an ester linkage at C19, and those at high CID voltage a series of fragment ions providing information about the sizes and structures of the sugar chains at both C13 and C19.
The sub-2 m amide columns offer a superior efficiency than C18 columns. The strength of the proposed method is the complete separation of all the peaks, the reproducible retention time and the specificity. Regarding weakness, the percentage of formic acid in the eluent affects the ionisation of the analytes and increases the spontaneous loss of a glucose residue. The latter could generate misunderstanding in the untargeted analysis. Overall, due to its good performance, the UHPLC-HR-MS method could be used in quality control laboratories for the routine analysis of Stevia extracts and their commercial products.
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